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INTRODUCTION 
The use of fish and fish by-products as fertilizer dates 
back hundreds of years. Indeed, it is recorded that the Indians 
of North America were adherents to the practice of placing a fish 
under each hill of com at planting time. That benefits accrued 
t; I, •• 
from this custom is borne out by the fact that the early settlers 
were so impressed by the results that they, themselves, adopted 
the practice to good advantage; ".they (as many as were able) 
began to plant their come, in which service Squanto (an Indian) 
stood them in great stead, showing them both ye manner how to set 
it, and after how to dress and tend it. Also he tould them, axcepte 
they got fish and set with it (in these old grounds), it would come 
to nothing." (3) 
The practice was fully endorsed by the Government considering 
the following legislation on May 11, l644t "It is ordered that all 
the doggs for the space of three weeks from the publishing hereof 
shall have one legg tyed up, and if such a dogg shall break loose 
and be found doing harm, the owner of the dogg shall pay damage. 
If a man refuses to tye up his dogg’s legg and hee bee found scrap¬ 
ing up fish in a come field, the owner thereof shall pay twelve 
pence damage, beside whatever damage the dogg doth. But if any fish 
their house lotts and receive damage by doggs, the owners of these 
house lotts shall bear the damage themselves." (28) 
-1- 
In the natural course of events* fish fertiliser industries 
followed, pjanufacturing fertilizers consisting of cither the processed 
Whole (and largely noivediblo) fish, or the remains of edible fish 
that had been used for other commercial purposes* Menhaden, zod 
and Herring are the principal fish used in the manufacture of 
fertilisers! but such miscellaneous aquatics as whale, shrimp, 
crab and starfish are sometimes used, (4) 
In the manufacture of fish fertilisers, raw fish or fish 
waste Is digested with water of equal weight which Is acidified 
to a pH of 3*5 • 4*5 with the aid of sulfuric, phosphoric or hydro* 
chloric add* The mixture is heated to 70° * 80° C., following which 
it is then screened and filtered* The wet fish cake is easily dried, 
yielding fish meal; and the filtrate is greatly concentrated by 
vacuum distillation yielding a thick slurry referred to as fish 
solubles* (41) Since fish solubles tend to gel, they are sometimes 
treated with papain or other proteolytic ensymes to prevent gelatin* 
iaation and to facilitate higher concentration and better preservation 
of the concentrated product* (12) 
Phosphoric add is preferred to other mineral adds for the 
addulating process because it adds to the fertiliser value* (11) 
Fish solubles as fertilisers have only recently been introduced 
in this country, with total N content ranging from 3*3 to 9*4 per cent 
and available ??0^ from 1*6 to 3*6 per cent, (9) Potash content la 
low, usually varying from 1,0 to 2*0 per cent* 
The fish solubles studied In this project carry an analysis 
of 5i5iU In one of the formulations# a chelating agent trlotharw 
olardnroltrate (TEAC-90)* has been added* Chelates can play an 
Important role in plant nutrition by soluldlialng or sinking available 
relatively insoluble nutrient dononts In the soil* thus rendering 
then available to plants* (8) Therefore* the addition of a chelate 
nay give a new dimension to fish solubles for fertiliser* 
There has boon a steady decline (see ratio 1) in the use of 
fish fertilisers* but ineffectiveness is far from being the reason* 
Rather* it Is a question of economics* A unit of nitrogen in fish 
byproducts coots from Z to 2} times as much as that in common* 
Inorganic nitrogenous materials* (5) Much of the fish meal and scrap 
now produced Is marketed as livestock and poultry feed and only that 
portion which cannot be placed in the htchor priced market or that 
portion which must bo acidulated at the factories (like fish solubles) 
go into fertilisers* W 
?loh solubles are rot included In any present statistics on 
fish by-products as* until recently* much of those were discarded as 
waste* Their use as fertilisers will reduce the tonnage of fish by* 
products formerly wasted* 
The objective of this mxk was to compare tho fertilising value 
of several formulations of fish solubles with other commonly used 
organic fertiliser natorlals* Those include fish meal* castor pomace* 
milorganito (activated sewage sludge) and ureafbrswoldehydo (a slowly 
available synthetic nitrogen fertiliser)* those wore also used with two 
inorganic fertilisers* 5*5*1 and 15*10*10, Comparisons wore rode on* 
a* Lnorganic* fish solubles* fish meal without ohalatos (W£m9) and EDTA) 
as influencing visual growth# dry matter Height and phosphorus contents* 
b* Rate of nitrification* 
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LITERATURE REVIEW 
History 
The oldest industry to make use of waste for fertiliser 
purposes is the fish industry. The custom of fertilizing with whole 
fish was adopted by the colonists from the New England Indians and 
at the time of a large catch, the suiplus was simply broadcast over 
the fields* In places where fish was plentiful, this disposal of an 
over-supply was continued even into the early twentieth century. 
It was soon observed, however, that the response first 
noted on soil liberally fertilized with fish decreased with each 
successive application and the initial good effect could be obtained 
again only after the soil had been allowed to stand for a time with¬ 
out further applications of the fish. After many suggestions had 
been advanced in explanation of this, it was finally shown to be 
due to the deleterious action of the oil in the fish upon plants. 
When the oil was removed by cooking and pressing, the residue obtained 
no longer exhibited the effects previously mentioned and its value 
as a fertilizer was consequently greatly enhanced. 
A further advantage in removing the oil was furnished by 
the value which the oil possesses in itself for use in the industries. 
It eventually happened that the residue or fish scrap became sub¬ 
ordinate to the recovery of the oil in the utilization of fish waste. 
The United States of America is not the only country in 
whose early history fish played a very important role as a fertilizer. 
The earliest Ehglish writers (25) spoke with high commendation of 
fish as a manure. Sir Hugh Platt (27) in 159^ alluded to the refuse 
of the Pilchard Fisheries and to the "carcasses and garbage of 
other fish, >1111011 the coast men bestowed upon thin, lean and hungry 
grounds." 
Sprats - small European herrings (Clupea Sprattus) - were 
used extensively in Essex, Kent and Sussex. (39) On hop-grounds 
adjoining the Medway, whole sprats were applied at the rate of 
sixty to a hundred bushels per acre at a cost of six-pence to eight- 
pence per bushel, This produced a marked effect upon the luxuriance 
of the crop, giving it a rich, dark color. The trade in sprats for 
manure was extensively employing four hundred to five hundred boats 
on the Kentish coast alone. 
Sticklebacks (Qasterosteidae) were principally used in 
the fens of Lincolnshire and Cambridge off the coasts of which these 
were found in large quantities. 
In similar manner, in Scotland and the east coast of Ehgland, 
the immense shoals of sprats that were taken afforded a useful supply 
of manure. Accordingly, Donaldson (10) wrote, "Where the fish are 
found, a good purpose is obtained by the use." 
Dogfish (Squalus acanthias) taken on the Doresetshire coast 
was used for fertilizing wheat and turnip and the refuse of cod (Gadus 
callarias) and ling (Molva molva) was the chief manure on the Northern 
coast. 
5- 
The regard of the English for their fish fertilizer, even 
in those early days, is adequately summed up by Morton (25) in true 
EhgLish wordiness: we have the satisfaction of knowing that 
we are drawing upon a bank whose coffers are inexhaustible, whose 
credit is boundless, and whose advances are gratuitous. To extract 
from the dark, unfathomed caves of the ocean the accumulations of 
fertilizing wealth that our own profligacy and extravagance have 
permitted to run from us, is, indeed 1 after many days' to 'find 
bread upon the waters' . " 
"In Newfoundland", says Mortimer (24) 1716, "they improve 
their ground with the garbage of fish; and there is no doubt but 
that most things that belong to the sea or waters may be of 
advantage to the husbandman if judiciously used, because they are 
the receptacles of the fat that is washed from the land," 
Norway was the first country to undertake the manufacture 
of fish fertilizers. In the year 1855* a company was organized 
with a capital of $100,000. to render available the great mass 
<f refuse hitherto thrown away in the preparation of codfish at 
the Lofoten Islands, about 300 miles north of Christiana, where 
enough of this refuse was thrown away to make 2,500 tons of "Pish- 
/ 
guano" annually* (29) In comparison with good Peruvian guano, 
this "fish-guano" proved to be as follows: Upon cereals, one pound 
of "fish-guano" was found,in twenty five experiments, to produce 
an average increase of 9.1 pounds; while Peruvian guano produced, 
6- 
in an average of twenty three experiments, to an increase of 6.3 
pounds. Upon root crops, one pound of "fish-guano" was found, 
in an average of seventeen experiments, to produce an increase 
of 15.6 pounds; while one pound of Peruvian guano, in an average 
of the same number of experiments, gave 17.3 pounds of increase. 
These experiments showed, according to Robinson (29), that “fish- 
\ ' 
guano" was very nearly equal to the best Peruvian guano, weight 
for weight. 
By 1866, two similar companies to the Norwegian one 
described above went into operation in this country, one in the 
state of Rhode Island and the other on the south side of Long 
Island. 
By 1873, there were seven establishments in the state of 
Maine alone devoted to the manufacture of fertilizer from refuse 
fish, turning out annually 6,550 tons of fertilizer valued at 
an average (then) of $12. per ton, (6) 
By 191^, 63,000 tons of fish scrap entered into the 
nation's fertilizer manufacture. (44) 
Today, many more plants throughout the country are pro¬ 
ducing hundreds of thousands of tons of fish fertilizer annually, 
valued at millions of dollars. (See Table 2) 
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Composition and Value 
The organic nitrogenous fertilizers were long-held in 
popular esteem. Because of the changes which they must undergo 
after they are incorporated with the soil and before they become 
available to plants, they tend to liberate their nitrogen in an 
available form gradually throughout the season. In this way, 
crops may be furnished with a supply, even though variable, of 
available nitrogen during their entire growing period. In addition, 
the natural organic fertilizers (see fish-meal analyses below), 
must be credited with having furnished the American farmer with 
the secondary and minor elements at a time when their essential 
nature was not realized. According to Tisdale and Nelson (40)* 
virtually one hundred per cent of the fertilizer nitrogen consumed 
in this country prior to 1850 was in the form of natural organic 
materials; and these were the days when fish fertilizers were held 
in very high esteem. 
Apart from nitrogen, phosphorus and potassium, the 
following elements were spectrographically identified in fish 
meal by de Oliveira (7)s Aluminum, calcium, copper, iron, magnesium 
manganese, molybdenum, sodium, nickel, fluorine, lead, silicon, 
titanium and Vanadium. Cobalt, too, according to Kandatsu and 
Mori (1?) has been detected by colorimetric methods. 
"Circumstantial corroboration" says Morton (25)* "of tho 
value of the elements found in fish, of striking nature, is found 
in the fact that guano, -which is now (1855) so extensively used 
and has been so carefully and elaborately tested and found to be 
so valuable a manure is itself merely digested fish - the dung 
of fish-eating birds - a substance containing the elements of 
fish in a concentrated tom and comparatively void of water, but 
*f,.\ . } : ■ ' ‘ ' • . ',l ' A;* 1 .i ' s ; I'*. ■ ' ; ' ' 
containing no element \iiiich may not be found in fish.tt 
9- 
The Mineralization of Proteinaceous Substances and 
The Formation of Nitrate Nitrogen 
In an attempt to evaluate the fertilizing capacity of 
fish by-products, the study of nitrification rates is of impor¬ 
tance since the nitrogen content of these products constitutes 
one of their greatest assets; and the value of any fertilizing 
element depends upon its availability to the plant. That is, 
the readiness with which it can be absorbed directly by the 
plant or be converted into forms easily assimilated. 
Nitrogen can be assimilated by plants directly in 
these three forms, viz: 
(1) as certain organic con?x>unds 
(£) as ammonium nitrogen 
(3) as nitrate nitrogen 
Some organic compounds, including urea, tyrosin, asparagin 
and acetamide, (46) may be taken up directly by plants and all these 
compounds may be found in the soil. (46) 
Ammonium forms of nitrogen can also be assimilated by 
most plants. 
While some plants can utilize organic compounds, arid also 
ammonium nitrogen, nitrate nitrogen appears to be the form in 
which nitrogen is taken up with the greatest readiness (and in 
the largest amounts) by most plants. It is also the form which 
most nitrogen compounds take when placed in well aerated soils. 
Various types of microorganisms attack these nitrogen 
confounds, decomposing them with the resultant liberation of 
ammonia—a process known as ammonification. Using protein as 
an example, the first step in ammonification is hydrolysis 
into polypeptides and then into amino acids. Under aerobic 
conditions, these are then converted into ammonia, carbon dioxide, 
« 7 
organic acids and alcohols. (22). Under these same conditions, 
putrefactive decomposition occurs, characteristically by anaerobic 
spore-forming bacteria of the genus Clostridium (22), with the 
formation of various vile-smelling compounds. 
In the decomposition of amino acids with the formation 
of ammonia, e.g. 3 alanino and 2HgP 2 propionic acid + acetic 
acid ♦ COg + 3 NH^, the proportion of nitrogen converted to 
ammonia varies largely with the active organisms and the amount 
of carbohydrate present. The more carbohydrate, the greater 
will be the increase in microbial population and hence the 
utilization of nitrogen in the formation of cell substance with 
correspondingly less ammonia production. 
Millar (22) states that, although ammonification is 
brought about by many kinds of soil organisms, the oxidation 
of ammonia to nitrites and nitrates is accomplished by specific 
bacteria only. The first step consists of the production of 
of nitrite and is caused mainly by bacteria of the Nitrosomonas 
and Nitrosococcus groups. The nitrite is then oxidised to 
nitrate by a bacterial group called Nitrobactar (see Fig. 1). 
On© factor in determining the value of a fertilizer 
to plants is the relative rate -with 'which nitrogenous fertilizers 
* » 
are converted into nitrates. This is the object of the nitri¬ 
fication studies to be described in a later section. 
Lipman and Blair (19) conducted field experiments at 
the New Jersey Experiment Station for the purpose of studying 
the relative availability of different nitrogenous fertilizer 
materials and reported that, of the organic materials used, 
dried fish gave the best results on unlimed soils. 
A laboratory experiment to determine the rate of nitri¬ 
fication of sulfate of ammonia, dried blood, dried fish, tankage, 
bone, cotton-seed meal and barnyard manure in different kinds 
of soils was devised by Withers (45) in North Carolina. He 
noted the great difference in nitrification potential of various 
soils, reporting that some soils nitrify ten times as much as 
others; but was categoric in his claim that fish gave the most 
nitrates in some soils. 
Lipman and Burgess (18) studying the physiological 
efficiency of pure cultures of a number of ammonia-producing 
bacteria on different forms of organic matter reported i "Of 
the four nitrogenous fertilisers discussed,’fish-guano1 seems to 
contain the form of nitrogen most generally ammonified by 
a large group of bacteria.” 
-1> 
Chelating Agents and Their Role in Plant Nutrition 
"When a metal ion combines with an electron donor, the 
resulting substance is said to be a complex or coordination 
compound. If the substance which combines with the metal contains 
two or more donor groups so that one or more rings are formed, 
the resulting structure is said to be a chelate compound, or 
metal chelate, and the donor is said to be a chelating agent.M (21) 
This type of ring formation was named chelation by Morgan and 
Drew (23)} the word "chelate" being derived from the Greek "Chela" 
meaning claw. (2,38) When a metal is chelated, its ions lose their 
ionic properties, become soluble in water and are protected from 
further physical or chemical changes. (16) 
The natural completing (chelation) of metals in the soil 
by organic acids (products of organic matter decomposition), 
forming organometailic compounds has long been recognized but 
an understanding of their role in plant nutrition and the introduction 
of synthetic chelates like the aminopolycarboxylie acids are rela¬ 
tively new. (13) The first strong evidence that synthetic 
chelates would be useful to agriculture was presented in 1951 when 
sciantists at the University of California reported that appli¬ 
cation of a chelate combined with iron could overcome iron deficiency 
in plants grown in a nutrient solution. (2) Since then, Smith, et al 
(1,31)(35*36) have corroborated this finding Under field conditions. 
14- 
It is known that most metals, except perhaps the alkali 
metals, can be chelated. Since the most common minor elements 
deficient in agricultural soils include Fe, Zn and Cu, and since 
these and others are present in fish fertilizers, it could be 
assumed that adding chelating substances to such fertilizers 
may be desirable. This is the reason for studying one of the fish 
\/ 
fertilizer formulations to which the chelating agent triethanol- 
aminecitrate (TEAC-£0) has been added. 
Although non-metals like phosphorus cannot be chelated, 
it must be understood that chelation can wield a definite influence 
on phosphate availability by chelating Fe, A1 and Ca—substances 
that form relatively insoluble compounds with phosphorus. 
Struthers and Sieling (37) discovered that certain 
organic substances like citrate, tartrate, oxalate, malate, 
malonate and lactate (all occurring naturally in soils) were able 
to dissolve all precipitated phosphate in an acid medium by chelating 
the Fe and Al. Steckel and Sieling (34) reported that the phos¬ 
phorus of variscite, strengite, rock phosphate and soil phosphate 
has been solubilized by citrate, osalate and ethylenediaminetetra- 
acetic acid (3DTA) through the pH range of 4 to 7. De Remer and 
Smith (8) of Utah State University reported that chelates in¬ 
creased the concentration of phosphorus in the plant while Haertl 
(14) claims that treatment with chelating agents n showed a 
-15- 
decidedly greater uptake of phosphorus.H 
Natural chelates such as citrates, tartrates, etc., 
occur in soils high in organic matter because these sjibstances 
are really decomposition products of organic matter. Therefore, 
it is in soils that are rather low in organic matter that 
synthetic chelating agents may be useful - if not essential - 
as on sandy soils like the citrus orchards of Florida where 
deficiencies of Fe and Zn are a problem; in the growing of 
so-called acid loving plants such as Azalias, Rhododendrons and 
Hemlock for the correction of Fe deficiencies when these are 
grown in alkaline soils; and on soils where low P availability 
is a serious problem. 
16- 
mpmmmm ?nocwmm m. i 
The throe oonicrcial formulations of fish oolublos uood In 
this Investii^tdon are desisted ao Types 3* 3MC and 35C*90# Tho foav 
solution known as 310-90 Is tho mm as 3HC ccaacpt that a chelating 
agmt - trlothanotad^ (TEAC-90) - has been added* Ail three 
fbrjaalations had an H P K analysis of 5t5sl* 
The application rates used in this o^eslraent were based upon 
tho results of a previous trial at which both 310-90 and fish meal 
mare uood to supply 8 at rates free* 1/2 to 16* lb* 8 per 1000 sq*ft* 
?3eons and tomatoes wore grown as test plants* Htth beans* 
sons injury was evident at 3 weeks of age with both SHG-90 and fish 
meal at tho 8 lb* rate* (see Plate 1) 
VHth tomtoos* thoro was no injury at tho 8 lb* rate from 
fish solubles* but there was serious Injury at the 12 and 16 lb* rates* 
There was injury at the 8* 12 and 16 lb* rates with fish meal* (Plate 2) 
At seven weeks of ago* both beans and tomatoes outgrew tho 
effect of fertiliser Injury and tho superiority of 3*0-90 as a 
fertiliser woo manifested in greater total growth* (Hates 3 and 4) 
-17 A 
EXPERIMENTAL PROCEDURE NO* 1 
Experiment No* 1 was designed to evaluate the 
effectiveness of triethanolaminecitrate by virtue of its 
influence on the dry weight of tomato plants under greenhouse 
conditions. Extending over a period of six weeks, the experiment 
was started on May 15, 1961 and terminated on June Z6t 1961. 
One hundred and sixty two, round, waxed cardboard cartons 
of sixteen ounce capacity were set up in three blocks of fifty- 
four. 
All soil was passed through a £ inch mesh screen. 
The cartons of Stock 1 were filled with 400 grams 
of air-dried, low fertility, Merrimac fine sandy loam at pH 5.0. 
Block II was similar to I excdpt the soil was adjusted 
to pH 5.4. 
Hiock III was at pH 6.3. 
Six fertilizer treatments at three levels of application 
with three replications were carried out on each Hock according 
to Idle followings 
-17- 
Fertilizer Treatments Levels of Application 
(lb. nitrogen per acre) 
Fish solubles 87.12 174.24 348,48 
Fish solubles A triethanolaminecitrate 87.12 174.24 348.48 
Fish meal* 87.12 174.24 348.48 
Fish meal A triethanolaminecitrate 87.12 174.24 348.48 
Inorganic** 87.12 174.24 348.43 
Inorganic A triethanolaminecitrate 87.12 174.24 348.48 
* Fish meal analysis - NPK -10:6:1 
** Composed of N*P20^# K2O in the proportion of 5*5*1# duplicating 
the analysis of fish-solubles. 
Triethanolaminecitrate was added at the rate of 5 per cent by weight. 
Each carton was planted with seven Rutgers tomato seeds 
on May 15# 19^1 and was thinned to five after germination. 
One hundred milliliters of distilled water were added to 
each carton, bringing the soil to approximate field capacity. 
Daily moisture losses were replenished with distilled water. 
On June 26, 1961, after a duration of six weeks, all 
top growth was harvested, weighed and oven-dried. The oven-dried 
weight expressed in milligrams (Table 3) was then subjected to 
statistical analysis. 
RESULTS AND DISCUSSION - No.l 
The greatest phosphorus uptake by many plants occurs 
between pH 6 and 7. This seems to account for the thriftiness 
and greatest dry matter production of the plants grown in the 
pH medium of 6.3* It should be noted that total dry matter 
was less at pH 5*4 and still less at 5*0** 
* (see Table 3) 
The effect of levels of fertilizer application was 
an almost linear increase in dry matter as the level of appli¬ 
cation Increased. 
The effect of triethanolaminecitrate on fish solubles 
was highly significant, versus slight or even negative effects 
on fish meal and the inorganic fertilizers. (Tables 4,5# 6) 
This may be due to the fact that the nutrients in a liquid 
fertilizer are more available to the growing plant than they 
are in a solid fertilizer at the time of application. (15) 
The plants fertilized with fish solubles, therefore, were off 
to a vigorous start; and it is reasoned that their demands for 
nutrient elements, particularly phosphorus, were greater. Where 
triethanolaminecitrate was present, it is reasoned that plant 
requirements for P and some minor elements were more adequately 
satisfied, resulting in a more rapid and total growth. 
-19- 
In the case of the solid fertilizers: both organic 
and inorganic fertilizers were applied, and showed a slower 
growth of seedlings. However, it might be predicted that 
the plants would, to some measure, grow out of this slurry 
over a protracted period of time. 
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TABLE 4 
Interaction • Soil and Treatment 
(from Table 3) 
Treatment pH 
5.0 ..5.4. ..6.3 
5:5:1 70.56 98.33 466.67 
5:5:1 * TBAC-90 93.89 128.33 322.78 
Pish meal 101.11 115.00 553.33 
Pish meal + TSAC-90 115.00 132.78 530.56 
Pish Solubles 77.22 130.56 498.33 
Fish Solubles + TEAC-90 99.44 197.22 582.78 
LSD (550 36.33 
LSD (150 48.07 
TABLE 5 
(from Table 3) 
tolicaUon pH 
16 H per acre . 5*0 5.4 . 6.3 
82.12 64.44 112.78 408.61 
174.24 82.50 131.38 448.33 
348.48 131.67 156.94 620.27 
LSD (.5$) 25.79 
LSD (1$) 34.12 
Table 6 
Interaction - Treatment and Application Level Tatle 3) 
Treatment Application ^16>n/ acre) 
82.12_1,74.24 
5:5*1 193-33 224.44 217.78 
5i5:1 + TEAC-90 181.67 135.56 227.78 
Fishmeal 193.89 233.89 341.67 
Fishmeal + TEAC-90 181.11 242.78 354.44 
Fish Solubles 204*44 179.44 322.22 
Fish Solubles + TEAG-90 217.22 308.33 353.89 
LSD (5$) 36.33 
LSD (1$) 48.07 
EXPERIMMTAL PROCEDURE MO. 2 
Since the chelating value of ethylene-diaminetetraacetic 
acid (EDTA) has been established, it was considered worthwhile 
to test the effectiveness df triethanolaminecitrate (TEAC-90) 
versus this compound. 
The technique used was designed for measuring short- 
tern nutrient absorption by plants and was developed by Stanford 
and DeMent.(32) 
Round waxed cardboard cartons of 16 ounce capacity 
with bottoms removed were rested in enamel containers with the 
bottoms intact. Each contained 600 grams sand that had been 
screened through a 1 millimeter sieve and washed several times 
with distilled water. 
Five seeds of Ohio M-15 hybrid corn were planted 
at the half-inch depth in each carton on July 13* 1961, and 
grown in this sand medium for a period of 11 days. 
fifty milliliters of a nutrient solution (without P) 
were added to each carton, supplying 15 mg. M and 15 mg. K. The 
nutrient solution was made from Ca (NO^)^, mg (N0^)2 and K2SO4 
with traces of Zn, Fe and Mn sulfates and borax. In addition, 
100 ml distilled water were added giving a total of 150 ml liquid 
per carton. 
During the next eleven days* an additional 50 ml 
nutrient solution (-P) were added to each carton. Distilled 
water was added daily to replenish moisture losses. 
After eleven days, a dense mat of roots was present 
at the bottom of the containers. Each carton containing plants 
was now nested in a second carton holding 200 grams soil plus 
fertiliser, thus replacing the mat of roots in intimate contact 
with the soil (Fig. 2). This soil was a Merrimac fine, sandy 
loam, low in N, P, K. 
The experiment was conducted under greenhouse conditions 
with nine treatments and five replications. Treatment combinations 
were as follows* 
Fertilizer Treatment 
15:10:10 
15:10:10 + TEAC-90* 
15:10:10 + EDTA** 
Fish meal 
Fish Meal + TEAC-90 
Fish Meal + EDTA 
Fish Solubles 
Fish Solubles + TEAC-90 
Fish Solubles + EDTA 
Level of Application 
59.93 lb. P per acre 
same 
same 
52.27 lb. per acre 
same 
same 
87.12 lb. per acre 
same 
same 
* Five per cent by weight 
** One per cent ty weight of the tetra-sodium salt. 
22- 
The soil was adjusted and maintained near field 
capacity by replenishing daily moisture losses with distilled 
water. 
The period of root-soil contact was eight days, 
after which the tops were harvested, dried and the total phos¬ 
phorus determined using the Sherman method. (30) 
/» 
23- 
RESULTS AHD DI3C0S5XGH » HO. 2 
The additive TEAG-90 was effective in conjunction 
with fish solubles, but not with the solid fertilisers. (Tables 
7 and 8) 
The coir^arisons between fish solubles plus TSAC-.90 and 
fish solubles plus SDTA were not significant, suggesting; that 
the effect of either chelating agent was comparable. However, 
dime the addition of T3AC*90 was significant and that of SDTA 
was not, it can be concluded that,at levels used in this 
eeqjeriraont, TS4C-90 is more effective. 
A superiority in vigor and growth rate was obvious 
throughout the duration of the eo^oriaent among cultures treated 
with fish solubles, particularly those with the ohdating additive* 
This may have been due to the fact that the nutrients in a 
liquid fertiliser may b© more available than in a solid fertilizer 
at the time of application. 
In the case of chelated fish solubles, the chelating materials 
did induce somewhat more phosphorus uptake. (Tables 7 and 8) It was 
noted, however, that chelating materials did not increase phosphorus 
uptake from fish meal or from the inorganic fertilizers. Greater plant 
growth may have resulted not only from greater uptake of phosphorus, 
but also from the effect of the chelate on other nutrient dements. 
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mmju 
D&y violet (Grams) of Com Plants Qr&m ttar Slight Day© in 
Contact t&th Soil treated with Phosphates 
Slock 1 JUock 2 Slock 3 
.. „■ S»2 ,«?*. .Lass-Mia....J8«jg..ife,£jafciaas_37.i2.it> r --.oro 
15ll0ll0 15*10110 15* 10«10 Fishmeal Flsteo&l Ptobneal FlohSol# TlshSol. FishSol ♦ ♦ ♦ ♦ + ♦ 
Tmc+90 SDTA m£u$o SDTA XSAC-90 
1.82 1.61 1*71 1.31 1.76 1.33 1.43 1.74 1.83 
1.62 1.45 1.64 1.37 1.6? 1.79 1.63 1.41 1.73 
1.63 1*57 1.60 1.53 1.93 1.73 1.45 1.55 1.60 
1.59 1*57 1*77 1.27 1.63 1.62 1.54 1.60 1.43 
1.78 1.71 1.79 1.34 1.55 1.78 1.49 1.53 1.66 
Table 7 
Phosphorus Content (milligrams) of Com Plants Grown for Eight Days 
in Contact with Soil Treated with Phosphates 
HLock 1 Slock 2 Block 3 
59.3 lb. P per aero 52.27 lb. P/acre 87.12 lb. P/acre 
15:10:10:15:10110 15:10:10 Fishmeal Fishmeal Fishmeal Fi3h Sol, .Fish Sol*..Pish Sol. 
+ + + + + + 
 T3AC-90 SDTA_T5AC-90 SDTA_TBAC-90 EDTA 
3.16 2.94 2.82 3.04 3.14 3.04 2.78 3.44 3.18 
LSD (.05) 0.36 LSD (.05) 0.42 LSD (.05) 0.62 
(.01) 0.52 (.01) 0.61 (.01) 0.91 
Table 8 
horus Content as Per Cent Dry Weight of Corn Plants Grown for 
Block 1 
59.3 lb. P/acre 
Block 2 
 52.27 lb. P/acre 
Block 3 
87.12 lb P/acre 
15:10:10 15:10*10 15:10*10 Fishmeal Fishmeal Fishmeal fish Sol. Fish Sol. Fish Sol, 
+ + 4. 4. 4* 
TEA.C-90 EDTA TEAC-90 EDTA TEAC-90 EDTA 
•183 .186 .166 .222 .184 .186 .184 .220 .193 
.034 
• 050 
LSD (.05) 
(.01) 
.023 
.034 
LSD (.05) .029 
(.01) .042 
LSD (.05) 
(.01) 
EXPERIMENTAL PROCEDURE 3 
This experiment was designed to study the nitrification 
rate of fish fertilizers in the soil. Other nitrogenous fertilisers 
were incubated simultaneously with the fish products for comparison. 
The method employed is a modification of that used by 
other investigators. (20) 
The incubation cultures were set up in Buchner funnels 
in the laboratory. The bottom of each funnel was lined with 
glass wool, followed by a layer of granite chips upon which 300 grams 
of soil were placed. Fertilizers were thoroughly ijiixed in the soil 
before placing in the funnel. Cultures were adjusted to and 
maintained at near-field capacity by replenishing moisture losses 
with distilled water at one to two day intervals. 
Fertilizer treatments included ureaform, castor pomace, 
ammonium sulfate, milorganite, fish solubles Type S, Type SMC 
and Type SMC—90. These were applied at rates to supply 87.12 lb. 
N per acre or 13 mg N per culture. 
Cultures were leached with distilled water at two week 
intervals and the nitrogen content- of the leachate determined. 
This leachate analysis is based on the fact that the nitrification 
products utilizable by plants are largely water soluble. 
The method of analysis was a modification of the Devarda 
•»23w 
system fbr nitrate nitrogen* dovelepod at the University of 
Haseaehusotts tor J«?s*otoekoX and E* ifredakis (manuscript submitted 
tor puhUeatlon In the Proceedings of the Soil Science Society 
of America). 
» ■*• ■*. ‘ • ..rt; • ' * 
A description of the method Is as follows j 
A 10 sal aliquot of the leachate Is placed in a 600 ml dorence 
flask* Five milliters of a five por cent eolation of KaOU and 
3 grams Devarda alloy are added, ay means of a scrubbing hath 
to prevent the passing over of any portion of spray* the flask 
is oomootod to a condenser* the tip of which extends beneath 
the surface of 5 ml of a 4 per cent solution of boric add In 
which the distillate In collected when heat Is applied to the 
flask* 
The sample Is evaporated to dryness* Using methyl red* 
methyl doe indicator* the distillate is titrated against *002765 N 
ad for the dotemination of nitrogen* 
RESULTS AND DISCUSSION NO. 3 
Incubation No* Is The soil used was Merrimac fine sandy 
loam at p h 5*0* The fertilizer treatments included ammonium suflate, 
ureaform castor pomace, rdlorganite and fish solubles — Types S, SMC, 
and SMC m 90 . 
Five hundred and fifty milliliters of distilled water were used for 
each leaching commencing two weeks after the start of the incubation 
and continuing for eight weeks* 
Fish solubles - Type SMC and fish soluables plus triethanolaminecitrate- 
Type SMC-90 were identical in their results; thus one could conclude that 
adding triethanolaminecitrate had no effect on nitrification. 
At the end of the experiment, despite a slightly slower start than castor 
pomace, the fish solubles gave a recovery of approximately 75 per cent; while 
castor pomace, ureaform and milorganite followed with approximate recoveries 
of 64, 59 and 40 per cent respectively, (fig* 3)* 
Note; Fish solubles designated as Type S behaved like the other 
fish solubles (type SMC and SMC-90) ammonium sulfate was used as a check. 
Bearing out the claim of Lipman and Burgess (18) it would seem that 
i 
the fish solubles contain the form of nitrogen most generally ammonified 
by a large group of bacteria. 
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Incubation No 2s The soil used was merrimac fine sandy 
loam at ph 6.3* The fertilizer treatments included ammonium sulfate, 
fish meal, ureaform, SMC-90 and milorganite. As in Incubation No 1 
five hundred and fifty milliliters of distilled water were used for 
each leaching starting two weeks after the cultures were set up and 
continuing for eight weeks. 
It is reasoned that a greater microbial population was present 
in the soil at ph 6.3 as compared to Incubation no 1 (soil ph 5»0) 
owing to the fact that the ph level of 6.3 is more conducive to microbial 
growth and multiplication. This might account for the greater nitrification 
of milorganite and SMC-90. 
The nitrogen recovery from SMC-90 was again the highest of the 
organic fertilizers (see table below) and again the recovery described 
a gentle curve, indicating a very desirable uniformity of release. (Pig.4) 
« 28 - 
Incubation No 3: The soil used was Merrimac fine sandy 
loam at ph 5*7* The fertilizer treatments consisted of ammonium 
sulfate, fish meal, SMC-90, castor pomace and milorganite. 
Two hundred and seventy five instead of five hundred and fifty milliliters 
of distilled water were used for each leaching starting two weeks after 
the cultures were set up* 
It was discovered that the departure from leaching with five hundred and 
fifty milliliters was very unsatisfactory. The determination of nitrogen 
in the leachates was abnormally low (table 11) indicating that the leaching 
was inadequate. In consequence the experiment was discontinued after 
four weeks. 
However, the nitrogen recovery curves (Pig 5) are useful as their 
trends seem to corroborate those of former incubations. 
The amount of nitrate nitrogen present in the fertilizer materials 
at the start of this incubation was ascertained from Incubation No 4 and 
used to adjust table 11 and fig 5 accordingly. 
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Incubation Ho 4s The soil used was Merrimac fine sandy loam at 
ph 5*7. The fertilizer treatments consisted of ammonium sulfate, fish 
meal, SMC-90, castor pomace and roilorganite* 
Two hundred and seventyfive milliliters of distilled water were used for 
each leaching starting immediately the cultures were set up in order to 
determine the available nitrogen present in the fertilizer materials at 
the outset* 
'Ibis incubation was conducted simultaneously with and is identical 
to Incubation no 3 except in the time of the first leaching. As in In¬ 
cubation no 3 it was discovered that the departure from leaching with 
j 
five hundred and fifty milliliters of distilled water was unsatisfactory. 
Two hundred and seventy five milliliters of water were inadequate to remove 
all the soluble nitrogen compounds and therefore the determination of 
nitrogen in the leachates was abnormally low (table 12, fig. 6) The 
experiment was consequently discontinued after four weeks. 
Total nitrogen was also determined in all leachates using the 
Kjeldahl method (26) in order to observe differences if any in nitrates 
and other soluble forms of nitrogen, (table 13, fig 7) 
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Of the organic materials incubated* the fish fertilisers 
gave the best performance in uniformity of release and in the 
total quantity of ammoniacal and nitrate nitrogen recovered, 
(See Figures 3 to 7) 
Comparing total N and NO^ N (Figures 6,7)* the initial 
soluble N in milorganite, fish meal and ammonium sulfate was as 
NOrJ • However, castor pomace and fish solubles contained impor¬ 
tant amounts of soluble N in other forms, as well as the NO^ . 
The approximate percentage recovery of N over an eight 
week period from all materials used is as follows; 
Ammonium sulfate 97 
Fish Solubles 75 
Fish Meal 74 
Castor Pomace 64 
Ureaform 45-59 
Milorganite to - 50 
It would seem that the fish fertilizers nitrify slowly 
enough to prevent too great a loss of nitrogen by leaching, yet 
rapidly enough for them to be considered as useful top dressings; 
although this research did not study top dressings - all fertilizers 
were mixed in the soil. 
-31- 
TABLE 9 
Cumulative Amounts of Nitrate Nitrogen Resulting from the 
Nitrification of Several Nitrogen Fertilizers during an Bight week 
Incubation Period. 
Weeks of Fertiliser Materials 
Incubation Ammonium 
sulfate 
me and 
SHC-90 
s Castor 
Pomace 
Area 
fo m 
Milorganite 
mt - . mi. MeN -JML .. .K«K m n 
2 11.60 5.90 5.10 7.30 2.90 4.10 
4 12.60 8.70 8*60 7.60 6.40 4.40 
6 12.60 9.60 9.50 8.20 7.60 5.10 
8 12,60 9.60 9.50 8.40 7.60 5.10 
TABLE 10 
Cumulative Amounts of Nitrate Nitrogen Resulting from 
the Nitrification of Several Nitrogen Fertilizers during an 
Eight-week Incubation Period 
Weeks of 
Incubation 
2 
4 
6 
Fertilizer Materials 
Ammonium 
Sulfate 
MGN 
SMC-90 
MgN 
Fish 
Meal 
MgN 
Urea- 
form 
MgN 
Mil- 
orgonite 
MgN 
9.60 6.30 8.00 3.60 4.80 
12.60 8.80 9.10 5.10 5.90 
12.60 9.70 9.40 5.80 6.40 
12.60 9.70 9.40 5.80 6.4) ;8 
TABLE II 
Cumulative Amounts of Nitrate Nitrogen Resulting - from 
the Nitrification of Several Nitrogen Fertilizers during a Four- 
week Incubation Period, 
Weeks of 
Incubation 
Fertilizer Materials 
Ammonium 
sulfate 
MgN 
SMC-90 
ash 
Meal 
MgN 
Castor 
pomace 
MgN 
Mil- 
organite 
MgN 
0* 3.50 0.40 1.20 1.20 0.40 
2 6.00 0,90 1.90 1.20 0.60 
4 9.60 5.20 6.80 4.80 4.00 
♦Values for time 0 were obtained from data in Table 12, since soils 
in Table 11 were not leached at time 0, 
TABLE 12 
Cumulative Amounts of Nitrate Nitrogen Resulting from the 
Nitrification of Several Nitrogen Fertilizers during a four-week 
Incubation Period. 
Weeks of Fertilizer Materials 
Incubation 
, u., • ' /• . 
Ammonium 
sulfate 
MgN 
SMC-90 
MgN 
Fish 
meal 
MgN 
Castor 
pomace 
MgN 
Kil- 
organite 
MgN 
0 3.50 0.40 1.20 1.20 0.40 
2 5.30 0.60 1.60 2.00 0.40 
4 9.30 4.80 4.6G 4.80 2.80 
fflHL 13 
Cumulative Amounts of Total Nitrogen Resulting from the 
Nitrification of Several Nitrogen Fertilizers during a Four-weeks 
Incubation Period 
Weeks of 
Incubation 
0 
2 
Fertilizer Materials 
Ammonium 
sulfate 
MgN 
SMC-90 
MgN 
ash 
meal 
MgN 
Castor 
pomace 
MgN 
Mil- 
organite 
MgH 
3.50 2.00 1.20 2.00 0.40 
5.30 2.20 1.6o 2.40 0.40 
9.30 6.20 4.6o 5.20 2.80 4 
SUMMARY AND CONCLUSION 
1* Experiment No* 1 was designed to evaluate the effectiveness 
of the addition of a chelating agent - triethanolarainecitrate 
(TEAC-90) - to fish solubles, fish meal and a 5*5:1 inorganic 
fertilizer as measured by dry matter produced by tomato plants 
grown in pot cultures. 
The tomato plants were grown for 6 weeks in Merriraac 
fine sandy loam at pH levels of 5*0, 5*4 and 6.3. Fertilizer 
treatments were of the above mentioned materials, each with 
and without TEAC-90. There were 3 levels of application 
supplying 87.12, 174.24 and 348,48 lbs. N per acre. 
The investigation of dry matter yields showed that 
TEAC-90 was effective when used with fish solubles, but there 
was no effect using it with fish meal or the inorganic 5*5:1 
mixture. 
2. Experiment No. 2 was designed to use the uptake of phosphorus 
as an index in determining the ability of TEAC-90 to render 
more phosphorus available. 
Ethylenediaminetetraacetic afcid ( EDTA ),a strong chelating 
agent, was included in the experiment as a check. It was reasoned 
32- 
that TEAC-90, a metal chelating agent, would complex active 
iron and aluminum* thereby protecting soluble phosphates, 
A short-term method of measuring nutrient absorption 
by a sand-soil technique developed by Stanford and Decent (32) 
was used, 
Pish solubles, fish meal and a 15:10:10 inorganic 
fertilizer were used for fertilizer treatments at levels of 
87* 12, 52.27 and 59.93 lb. P per acre, respectively. Each 
fertilizer was applied alone* with TEAC-90, and with EDTA. 
Com plants were grown without added P in sand during 
which time a mat of roots developed at the bottom of each 
container. The exposed root mat, with plants intact, was 
then placed in contact with the soil-fertilizer system. After 
eight days of root-soil contact, plants were reaped and phos¬ 
phorus content determined. Results obtained support the 
following conclusions: 
1) TEAC-90 was not inferior to EDTA in its effect. 
2) TEAC-90 was effective when used with fish solubles. 
3) Neither chelating agent was effective when used with fish 
meal or the 15:10:10 inorganic fertilizer. 
3. Experiment No. 3 was designed to study the nitrification rates 
of some fish fertilizers when mixed in the soil. Ammonium 
sulfate, castor pomace, ureaform and milorganite were included 
in the experiment for comparison. 
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Fertilizers were added at the rate of 87*12 lb. N per acre 
(13 mg*/treatment) and the soil maintained at approximately 
field capacity. At two-week intervals, the soils were 
leached with distilled water and the ammoniacal and nitrate 
nitrogen content of the leachate determined. 
Of the organic materials used, the fish fertilizers gave 
the best performance in uniformity of release and in the 
total quantity of nitrogen recovered. 
Bean plants, 3 weeks old, grown In soli fertilised with 
fishmeal (tap) and fish solubles plus chelate (&KC-90) 
(bottom), varying in application levels from l/Z to 
16 lbs* H per 1000 sq.ft* or 21*8 to 697 lbs.N per acre* 
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Fig. 2 
Upper: P - deficient com plants grown for 11 days 
in sand, nested in second carton of soil. 
Lower: Diagranatic cross-sectional view of sand-soil 
culture showing penetration of roots into soil. 
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Fig. 3 - Relationship between the nitrification of fish solubles- 
Type S, Types SMC and Type SMC-90, ureaform,milorganite, 
ammonium sulfate and castor pomace in Merrimac fine sandy 
loam at pH 5*0, leached at two week intervals with 550ml 
distilled water. 
_L.11 L'LWl JU ---Jm   ^ s 
at two week intervals with 550 ml distilled water. 
Fig. 5 - Relationship between the nitrification of ammonium sulfate, 
fishmeal, milorganite, castor pomace and SMC-90 (fish solubles 
+ triethanolaminecitrate) in Merrimac fine,sandy loam at 
pH 5.7, leached at two week intervals with 275 ml distilled 
water. 
IV 
M 
• (NH4)2 so4 
^ Fishmeal 
^ castor pomace 
6 - Relationship between the nitrification of ammonium sulfate, 
fishmeal, milorganite,castor pomace and fish solubles + SMC-90 
in Merrimac fine, sandy loam at pH 5*7> leached at two week 
intervals with 275 ml distilled water. 
First leaching was made immediately after cultures were 
set up. 
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Fig. 7 - Relationship between the total nitrogen recovered in leachate 
from nitrification cultures of ammonium sulfate,fishmeal, 
mildrganite,castor pomace and fish solubles + SMC -90 in Merrimac 
fine,sandy loam at pH 5-7, leached at 2 week intervals with 
275 ml distilled water. First leaching was made immediately 
after cultures were set up. 
SELECTED BIBLIOGRAPHY 
1* Alexander, Walsh, 1952: Complete Control of Iron 
Chlorosis by Applying Chelated Iron to Soil, ag, Chem., 
7 (7): 36 
2. A.R.S. Special Report, 1958: U.S.D.A. 22-45:1 
3* Bradford, Governor, 1621: History of Plimouth Plantation 
4* Collings, G.H., 1955s Commercial Fertilizers, McGraw- 
Hill, N. Y., 5th Ed., 127-147 
5. Ibid, 148 
6. Department of Agriculture Report 1874: 268 
7. deOliveira, J. Nunes, 1955: Anais fac. farm Porto 15, 
5-31, 1956: Idol. Abstr. 30, Abstr. Mo. 33910 
8. DeRemer, E.D. and Smith, R.L., 1961: The Effects of Chelates 
and Chelated Cations in Increasing the Availability of 
Phosphorus from Insoluble Sources. J. Hort. Sci., vol. 77 
9. Dictionary of Plant Foods, 1958: Ware Bros. Co., Phila., 
Pa., 21. 
10. Donaldson, J., i860: British Agriculture, Atchley and Co., 
London, 286* 
11. Gray Chemical Co., Circular , 1961: The Usefulness of Fertilizers 
Containing Fish Solubles for Promoting Plant Growth., Gray Chem. Co. 
GOLoucester, Mas3. 
12. Gunther, James K. and Sair, Louis, 1951: Chem. Abstr. 
Vol. 45: 786 C 
13. Haertl, E.J., 1955: Mew Horizons in the Application of Chelation 
to Agriculture. Down to Earth,, Dow Chemical Co., Vol, 2, No. 1.9 
14. Ibid. 8 
15* Haertl, E.J., 1958: Chelation and Fertilizer Solutions. Com. 
Fort, and Plant Food Ind., May, 1958 
•35- 
16. Haertl, E. J., The Use of Chelate Confounds in Fertilizer 
Formulations., Dow Chemical Co. 
17. Kandatsu, Make to and Mori, Bumpei, 1956: (Univ. of Tokyo) 
Nippon Nogei - kagaku Kaishi., 30, 100-105 
18. Lipman, C.B* and Burgess, P.S., 1914: Studies on AmmoniScation 
in Soils by Pure Cultures. University of Calif.,Pub, vol. 1, 
No. 7 141-172 
19* Lipman, J.G. and Blair, A. W., 1920: Soil Soi, 9, No. 5, 
V 371 - 392. 
20. Machlis, L. and Torrey, J.G., 1959; Plants in Action. W.H. 
Freeman and Co., San Francisco, 118,119. 
21. Kartell, A.B. and Calvin, M., 1952: Chemistry of the Metal 
Chelate Compounds. Prentice-Hall,Inc., N.X. 1-9 
22. Millar, C.E., 1959: Soil Fertility, Wiley and Sons,N.T.,288. 
23. Morgan and Drew , 1920: J.ChenuSoc., 117,1456. 
24. Mortimer, J.,l7l6: Whole Art of Husbandry. 
25* Morton, J,, 1855: A Cyclopedia of Agriculture. ELackie and 
Son, Glasgow, Edinburgh and London. 871-876 
26. Official Methods of Analysis, I960: A.Q.A.C. 9th Ed, 13 
27* Platt, Sir Hugh, 1594:MJewel-house of Art and Nature” 
28. Records of the Town of Ipswich, Mass., May 11, 1644. 
29. Robinson, S., 1866: Facts for Farmers. A.J.Johnson, develend, 
Ohio, Vol.Zi 897,898 
30.. Sherman, M.S,,1942: Colorimetric Determination of Phosphorus 
in Soils. Ind. and Eng, Chem, 14: 182-186 
31. Smith, Specht, 1952: Heavy Metal Nutrition and Iron Chlorosis 
of Citrus Seedlings. Proc. Florida State Hort. Soc., 101 
36- 
32. Stanford, George and DeMent, J.D., 1957: A Method for Measuring 
Short-Term Nutrient Absorption by Plants; Phosphorus Soil Sci. 
Soc. Proc. vol 21, 612-617, 
33. Stanier, R.Y., Duodoroff, H. and Melberg, E., 1958: 
The Microbial World, Prentice-Hall, Inc., N.Y.. 426 
34. Steckel, J.E. and Selling, D.H., 1956: Chelation by Organic 
Substances - a Factor in Phosphate Availability. Proc. Nat, 
Acad. Sci. (India) OUahabad, Vol. 25, Sect. A. Pt.5 
35* Stewart, Leonard, 1952: Chelates as Sources of Iron for Plants 
Growing in the Field. Sci. 116; 564 
\ 
36. Stewart, Leonard, 1952: Iron Chlorosis - Itfc Possible Cause 
and Control. Citrus Magazine 14 (10): 22 
37. Struthers, P.H. and Selling, D.H., 1950: Effect of Organic 
Onions on Phosphate Precipitation by Iron and Aluminum as 
Influenced by pH. Soil Sci. 69, 205-213 
38. Technical Data, Fisher Scientific Co. /Washington 
'd. , . . 1 '-'M. • t • • 
39. Thompson, R, 1859: Gardners Assistant. Blackie and Son, Glasgow, 
Edinburgh and London. 104 
40. Tisdale and Nelson, 1956: Soil Fertility and Fertilizers. 
MacMillan Co., N.Y. 117 
41. Trudel, Marcel, 1951: Chem, Abstr. Vol. 45: 9197. 
42. U.S.D.A., Agricultural Statistics, 1953: Washington, 619 
43. Ibid. 745 
44. U.S.D.A. Yearbook, 1917: 143 
45. Withers, W.A., N.C. Stn. Bui. 190, 8 
46. Withers, W. A. and Fraps, G.S., M.C.Expfc.Sta.Bui.No. 176,15 
-37- 
APPROVED 3T: 


